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The anatomy and ultrastructure of Carica papaya L. leaves 
were investigated using transmission electron , scanning 
electron and calibrated light microscopes. Cell counts and 
physical dimensions were evaluated for the different leaf 
layers. Laticiferous canals accompany the vascular bundles 
and extend into the surrounding mesophyll and epidermis. 
No stomata were found on the adaxial leaf surface or skin 
of the fruit. Stomatal density for a mature leaf was 0,99 to 
1,05 x 103 mm - 2. The total number of stomata for a 
typical mature leaf with leaf area of 0,55 m2 was found to 
be 578 x 106. No anatomical differences were found 
between leaves of papayas grown in a plastic tunnel or 
under 40% shade cloth . 
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Die anatomie en ultrastruktuur van blare van Carica papaya 
L. is deur transmissie·elektron, skandeerende·elektron en 
gekalibreerdelig·mikroskope bestudeer. Selgetalle en 
groottes is vir die verskillende blaarlae bepaal. 
Melkafskeidende kanale is langsaan die vaatbondels en 
hulle brei uit in die omringende bladmoes en epidermis. 
Geen huidmondjies is in die adaksiale blaaroppervlak of 
vrugskil gevind nie. Die digtheid van huidmondjies op 'n 
volwasse blaar was 0,99 tot 1,05 x 103 mm - 2. Die totale 
huidmondjiegetal vir 'n tipiese volwasse blaar met 'n blaar· 
oppervlak van 0,55 m2 is as 578 x 106 bepaal. Geen 
anatomiese verskille is tussen papayablare wat of in 'n 
plastiese tonnel of onder 40% skadudoek gekweek is, 
gevind nie. 
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Introduction 
Histologically, a leaf is composed of three types of tissue 
systems: epidermis, mesophyll and vascular tissue (Esau 1977). 
Leaf development, structure and cell number may be modified 
by many plant and environmental factors . The main factors 
include: plant water status which affects C02 solubility in the 
liquid phase; turgidity of cells and leaf expansion (Meidner 
& Sheriff 1976); photosynthetic photon flux density (PPFD) 
which influences the size of the mesophylllayers, which in tum 
affect chlorophyll content (Barber 1976); and leaf temperature 
which affects cell division and enlargement (Linacre 1972). 
Nobel (1976) reported that changes in leaf morphology 
influenced leaf C02 resistances. 
One of the expressions of phenotypic plasticity of many 
plant species is the modification of leaf morphology and 
anatomy by PPFD. Generally, leaves which expand under low 
PPFD (400 ~-tmol m - 2 s - 1) differ from those which develop 
under high PPFD (1 800 ~-tmol m - 2 s - 1) by having a thinner 
lamina with a less developed palisade mesophyll, a higher 
proportion of intercellular space, a lower ratio. of internal to 
external surface area, wider spacing between the veins, larger 
epidermal cells with more curved outer walls and a lower 
stomatal density (Schoch 1972; Pieters 1974; Chabot & Chabot 
1977; Chabot et at. 1979; Dengler 1980). 
Evans & Hughes (1961) reported that shade plants such as 
Impatiens parviflora have been adapted to low PPFD by 
increasing leaf area and slightly reducing photosynthetic rate. 
Blackman & Wilson (1951) showed that sun adapted species 
responded to a decrease in PPFD by reduction in both net 
assimilation rate and leaf area. In either type of response, the 
difference in final leaf area reflected differences in the roles 
of cell division and enlargement during leaf expansion. Mil-
thorpe & Newton (1963) found that smaller leaves of Cucumis 
sativus, which developed under shaded conditions, had fewer 
cells per tissue-layer than exposed leaves, but cell size was not 
affected. On the other hand, Schoch (1972) found that greater 
expansion of leaf area in the shade was accompanied by both 
higher cell number per tissue-layer and by larger cell size for 
Capsicum annuum. Kirk & Tilney-Bassett (1967) reported that 
shade adapted leaves had a higher chlorophyll content and 
suggested that these leaves had a different absorptivity 
compared to sun adapted leaves. Dengler (1980) showed that 
cell division and cell enlargement of Helianthus annuus leaves 
under 800Jo shade (in Canada) lagged behind that in unshaded 
leaves by about 2 days, but no significant difference in cell 
enlargement between the treatments was observed. However, 
cell division in all tissues occurred at greater rates in unshaded 
leaves, resulting in a greater final leaf area. Also, in shaded 
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leaves, there were fewer spongy mesophyll cells per unit leaf 
area and thus a greater proportion of intercellular space than 
in unshaded leaves. 
Very little has been written about the anatomy of Carica 
papaya leaves (Foster 1943; Fisher 1980) and their behaviour 
under sun and shade conditions has apparently not previously 
been investigated. The object of this investigation was to 
examine the basic structure of papaya leaves and the ef-
fects of a plastic tunnel compared with a 4007o shade cloth 
environment. 
Materials and Methods 
The leaf and fruit samples used in this investigation were 
collected from Carica papaya cl. Honey Gold plants growing 
in a plastic tunnel and under 400Jo shade cloth at the Faculty 
of Agriculture, Pietermaritzburg. The samples were carefully 
selected for absence of disease or insect damage and sunburn. 
Leaf samples were taken near the apex of the leaf lobes, and 
the fruit skin samples from the bases, centre and stigma end 
of the fruit to see if there were stomata on the fruit (modified 
leaves) skin. 
Transmission electron microscopy 
Diced leaf tissue pieces were fixed in 60Jo glutaraldehyde 
buffered with 0,05 mol kg - 1 sodium cacodylate for 6 h and 
post-fixed in 20Jo osmium tetroxide likewise buffered with 0,05 
mol kg - 1 sodium cacodylate for 15 h. The pH of all the 
buffered solutions was 7,2. After washing the tissues for 90 
min with three changes of 0,05 mol kg - 1 cacodylate buffer, 
the material was dehydrated in a graded alcohol series. This 
dehydration was followed by three changes of propylene oxide 
and infiltration with Ardalite-Epon-DDSA mixture (1: 1 :3 by 
volume). These tissue pieces were then embedded in Epon 812 
(Evert 1981). The material was sectioned with a diamond knife 
and the sections were stained on copper grids with 20Jo uranyl 
acetate (aqueous) followed by lead citrate (Reynolds 1963). 
Sections were viewed with a JEOL 100TCX Transmission 
Microscope. 
Scanning electron microscopy 
The; adaxial and abaxial epidermis of papaya leaves of dif-
ferent ages, taken from the plastic tunnel and shade cloth 
environments, were freeze-dried and coated with gold in a 
vacuum evaporator for 10 min. Liquid nitrogen freeze-drying 
was essential to prevent tissue collapse. Epidermal cells with 
cuticle of fruits were freeze-dried and then also coated with 
gold in a Polaron sputter coater. The samples were viewed 
with a JEOL JSM T200 Scanning Electron Microscope {Idle 
1968; Meyer & Meola 1978). 
Light microscopy 
Plastic embedded tissues (in Epon 812) were cut with a KCB 
Ultra Microtome for light microscopy. The sections, 2 J.lm 
in thickness, were stained with methylene 'blue (aqueous). 
Section photographs were taken with a Zeiss Photomicroscope 
and the occular scale for each magnification was calibrated 
using a Zeiss calibration set. Anatomical observations of 
samples from the two environments were made by using hand 
sections cut by blade and placed in glycerine to prevent tissue 
dehydration. 
Cell number and size 
Adaxial and abaxial epidermal cell numbers per unit area 
(mm2) were determined from scanning micrographs, five of 
each of 10 samples. For the palisade and spongy mesophyll 
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tissue-layers, cell counts were made from 20 transverse sections 
taken from five leaves. Total cell numbers per tissue-layer were 
calculated by dividing the leaf adaxial surface area (measured 
using aLi-Cor 3000 Leaf Area Meter) by the mean cell cross-
sectional area obtained from measurements of cleared leaves 
(Dengler 1980). 
Dimensions of epidermal and mesophyll cells were mea-
sured from calibrated photographic enlargements of sections 
parallel and vertical to the epidermis (five of each) with 10 
cells per tissue-layer per leaf. Tissue volumes were similarly 
calculated using enlargements of both light and scanning 
microscopy. Observation of laticifer cells was done by a 
clearing method using lactic acid (880Jo after hydrolysis) for 
30 min and staining with iodine solution (20Jo for 10 min) . 
This method facilitated counting of druses (using polaroid 
lens) and stomatal counts per unit area. Differences between 
mean values were tested using a t-test at the P0 ,05 level of 
statistical significance. 
Results and Discussion 
Adaxial epidermis 
The protective covering for the underlying mesophyll cells was 
an epidermal cell layer which, including cuticle, was approxi-
mately 22,8 J.lm thick. The cells were tightly packed with 
peripheral cytoplasm and were highly vacuolated. Average cell 
dimensions were 22,5 J.lm x 22,5 J.lm x 22,5 J.lm (length x 
breadth x depth) (Figure 1a, b). 
Palisade mesophyll 
There was only one layer of palisade mesophyll cells (Figure 
1a, b; 2b), tightly packed with their long axes parallel, an 
arrangement thought to contribute to the efficiency of the 
photosynthetic process (Barber 1976; Esau 1977). Chloroplasts 
were suspended in the peripheral cytoplasm. Mean cell dimen-
sions in summer were 9,0 J.lm x 9,0 J.lm x 72,0 J.lm (Table 1). 
Spongy mesophyll 
Four to five layers of loosely arranged and loosely attached 
cells with intercellular spaces were observed (Figure 1a; 2a). 
This type of structure is thought to be well adapted to the 
gaseous exchanges that are essential to photosynthesis and 
respiration in such tissue (Fahn 1974; Shai 1982). Cell dimen-
sions were difficult to measure due to their irregular shape, 
but the means were estimated at 22,0 J.lm x 22,0 J.lm x 
22,0 J.lm. An electron micrograph (Figure 2a) shows fairly 
large chloroplasts, 2 to 4 J.lm in diameter, having dense grana 
built up of numerous thylakoid lamellae. The cells contained 
20 to 30 starch grains, 0,1 to 3,0 J.lm in diameter per chloro-
plast. Since Larcher (1975) found that the size and number 
of starch grains of various plants varied with time of day and 
season, papaya starch grains were measured in leaves collected 
at midday; these had a calculated volume of 1 ,0 ± 0,1 J.lm3• 
The nucleus, suspended in the cytoplasm, had a calculated 
volume of 3,4 J.lm3 . Small dictyosomes (Figure 2a) were 
apparent, and there were plasmodesmata where the cells were 
in contact with each other. All parenchymatous tissues con-
tained refractive grains of a substance in the nature of an 
aldehyde (Meyer & Meola 1978). Star shaped crystals called 
druses were abundant in the vascular bundle and lower 
mesophyll cells (Figure 1d). 
Laticifers and druses 
LaCcifers (Figures 1a; 2c) make and store quantities of higher 
molecular mass polyterpenes (latex) in their vacuoles, which 
is discharged from the leaf, fruit or stem when wounded 
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Figure I Traverse sections through (a) mature papaya leaf; (b) palisade mesophyll cells; (c) spongy mesophyll cells; (d) lower epidermis. As 
- airspace; Ch - chloropklst; Dr - druse; E - epidermal cell; Gc - guard cell; L - laticifer; PI - palisade mesophyll cell; Sp - spongy 
mesophyll cell; Tr - tracheid. 
(Metcalfe & Chalk 1950). Presumably, the exuded material 
serves to seal the lesion. Articulated laticiferous canals ac-
company the vascular bundles of the veins and even extend 
into the surrounding mesophyll and epidermis (Fisher 1980). 
Metcalfe & Chalk (1950) reported that laticifers remained 
permanently as living cells, owing to the presence of proto-
plasmic lining and of a well-differentiated nucleus and other 
organelles, through the entire life of the papaya leaf. The 
estimated dimensions of a papaya laticifer were 70 J..Lm x 
8 J.lm X 8 J.lm. 
Intracellular crystals were found in all parts of the leaf. 
They occurred singly or in bundles and were usually contained 
within vacuoles (Figure ld). Such crystal formations (druses) 
are thought to be devices to isolate certain metabolic wastes, 
which, if allowed to accumulate freely, would poison the cell 
or tissue (Ledbetter & Porter 1970; Fahn 1974). A druse with 
dimensions 6,0 f.lm x 6,0 f.lm x 6,0 f.lm surrounded by a 
vacuole of a slightly bigger spongy mesophyll cell with esti-
mated dimensions of 23,0 J..Lm x 23,0 J.lm x 24,0 J.lm, is 
shown in Figure 1d. 
Abaxial epidermis 
There was one layer of lower epidermal cells, tubular in shape 
with straight anticlinal walls having no hairs on the outer side 
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Figure 2 Electron micrographs of (a) spongy mesophyll cell; (b) palisade mesophyll cell; (c) laticifer cell. An - annular ring; C - cell wall; 
Ch - chloroplast; D- dictyosome; Er- endoplasmic reticulum; G -grana; L - laticifer; M - mitochondrion; N - nucleus; Nu - nucleolus; 
P - plasmodesmata; Pm - plasmalemma; S - starch grain; St - stomata; T - tonoplast; Tr - tracheid; V - vacuole. 
of the cells (Figure ld). The cells were highly vacuolated, with 
thin cell walls, tiny chloroplasts and few rrutochondria, 
probably to keep the epidermal cells as clear as possible so 
that a greater part of reflected solar radiation passes through 
to the chloroplast-rich mesophyll (Barber 1976). Chloroplasts 
are unusual in epidermal cells of leaves, but do occur oc-
casionally in shade plants (Fahn 1974). Cell dimensions were 
16,0 J.lm x 16,0 J.lm x 20,0 J.lm. A thick cuticular layer of 
0,3 to 0,6 J.lm was found to cover the surface of the cells 
(Figure 3d). The cell wall was made up of microfibrils which 
extended into the cutin of the cuticular layer. Surface waxes 
were removed in the process of dehydrating the sectioned 
tissue for electron rrucroscopy, but were present in the scan-
ning electron rrucrographs (Figure 3a, b, c, d). 
Stomata and guard cells 
From a transverse section of a leaf (Figure 1a), the guard cells 
were found to be anomocytic, slightly sunken and smaller than 
the epidermal cells. They were sausage-shaped, longer (18 to 
20 J.Lm), and narrower (4 J.lm) than abaxial epidermal cells. 
Other differences incude higher number of starch grains and 
thicker and thinner zones in the surrounding walls. These 
differences influence the change in shape of the guard cells 
in response to shifts in turgor pressure (Idle 1968; Ackerson 
& Krieg 1977) and affect the opening and closing of the 
aperture (Larcher 1975). 
A stoma was found to be formed by two sunken guard 
cells, occurring only on the abaxial side of the leaf, and 
surrounded by several epidermal cells, so that no sub-
sidiary cells could be defined. The crescent-shaped stomata 
(Figure 1d) with blunt ends had ledges made of cutin on 
both internal and external sides. Unlike Citrus, which has 
no cuticle on the wall facing the aperture (Martin & Juniper 
1970), the papaya guard cells have a thin cuticle (0,2 to 
0,3 J.lm) . This adaptation is thought to reduce water loss 
(Pereira & Kozlowski 1976). A large substomatal chamber 
was found to lead to intercellular air spaces in the spongy 
mesophyll. 
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Table 1 Anatomical comparisons of mature leaves of 'Honey Gold' papaya plants grown under plastic 
and 40% shade cloth 
Plastic tunnel 400Jo shade cloth 
Parameter Units Winter 
Leaf area mz 0,35 
Leaf thickness flm 177 
Leaf dry mass mg 28 
Specific leaf area mz g-' 13,3 
Cell number x I0 - 6 
per leaf 
Upper epidermis 691 
Palisade mesophyll 4 321 
Spongy mesophyll I 382 
Guard cell 735 
Lower epidermis I 166 
Cell dimensions 
Upper epidermis flm 3 22,5 X 22,5 X 22,5· 
Palisade mesophyll f.!m 3 9,0 x 9,0 x 75 ,0 
Spongy mesophyll flm 3 22,0 X 22,0 X 22,0 
Guard cell flm 3 5,0 x 18,0x5,0 
Lower epidermis flm 3 16,0x 16,0x20,0 
Stomata 
Upper epidermis flm 2 0 
Lower epidermis flm 2 0,985 - 1,05 
Number x 10 - 6 
per leaf 368 
Comparison between leaves 
No important differences were found when comparing the 
anatomical features of leaves grown in a plastic tunnel and 
under shade cloth environments (Table 1). In contrast to 
reports on other species (Pereira & Kozlowski 1976; Esau 
1977), the mesophyll tissue of both types of leaves were fully 
developed with no additional palisade or spongy mesophyll 
layers. Also, intercellular space volumes were 50Jo in the 
palisade layer and 35 to 50% in the spongy mesophylllayers. 
Unlike the reports of Schoch (1972) and Pieters (1974), papaya 
leaf cells had the same dimensions in the corresponding layers 
with the adaxial epidermal cells double the cross sectional area 
of abaxial epidermal cells (Table 1). The colour of the leaves 
from the shade cloth environment was observed to be dark 
green suggesting different absorption of photosynthetically 
active radiation when compared with leaves produced in a 
plastic tunnel. 
Marked differences were found in total cell number per 
tissue-layer and in leaf fresh and dry mass, although the 
specific leaf area (leaf area divided by leaf dry mass) was the 
same for leaves grown under both plastic tunnel and shade 
cloth. These results agree with the finding of Milthorpe & 
Newton (1963) that shade leaves of Cucumis sativus had fewer 
cells per tissue-layer than unshaded leaves, resulting in smaller 
leaf area, but cell size per tissue-layer was unaffected. The 
differences can be attributed to the fact that the average area 
of a leaf produced under shade cloth was 0,18 m2 in winter 
and 0,22 m2 in summer, while in the plastic tunnel the leaf 
area varied from 0,35 m2 in winter up to 0,55 m2 in summer. 
The total number of palisade and spongy mesophyll cells in 
winter leaves was almost double in plastic tunnel compared 
with shade cloth. Thus, plastic tunnel plants may be in a more 
favourable position to produce more assimilates for fruit 
growth, a process which continues during winter, due to cell 
enlargement (Kuhne & Allan 1970). 
Summer Winter Summer 
0,55 0,18 0,22 
210 195 220 
40 15 18 
13,3 13,3 13,3 
I 086 355 434 
6 790 2 222 2 716 
2 172 710 873 
I 155 343 462 
I 833 703 859 
22,5 X 22,5 X 22,5 22,5 X 22,5 X 22,5 22,5 X 22,5 X 22,5 
9,0 X 9,0 X 72,0 9,0 X 9,0 X 92,0 9,0 X 9,0 X 82,0 
22,0 X 22,0 X 22,0 22,0 X 22,0 X 22,0 22,0 X 22,0 X 5,0 
5,0 X 18,0 X 5,0 5,0 X 18,0 X 5,0 5,0 X 18,0 X 5,0 
16,0 X 16,0 X 20,0 16,0 x 16,0 x 18,0 16,0 x 16,0x20,0 
0 0 0 
0,985 - 1,05 0,985 - 1,05 0,985 - 1,05 
578 171 231 
Stomatal densities were found to be similar on both types 
of leaves. This fmding differs from other species; Pieters (1974) 
and Dengler (1980) reported lower stomatal densities in shaded 
leaves. However, the higher total number of stomata (368 to 
578 x 106) of a leaf produced in a plastic tunnel compared 
with shade cloth (171 to 231 x 106) will promote greater 
amounts of transpiration and gas exchange under the same 
environmental conditions. Because stomata were formed over 
the same period in leaves grown in a plastic tunnel and under 
shade cloth, more cell division took place in the warmer plastic 
tunnel environment (air temperature 2 to 10°C greater than 
shade cloth environment), resulting in greater leaf area and 
total stomatal number and slightly reduced leaf thickness 
(177 ~-tm as compared with 195 ~-tm in winter). 
Carica papaya has a C3 pathway, and such plants are 
PPFD saturated at 400 to 600 ~-tmol m- 2 s- 1 (Zelitch 1971; 
Shai 1982). Polyethylene reduced PPFD transmission by more 
than 10% in summer and 20% in winter, depending on the 
solar altitude (Zelitch 1971), while shade cloth reduced PPFD 
by 40% resulting in relative differences of 20 to 30% in PPFD 
reduction. Dengler (1980) used 75% shade cloth and compared 
the effects to H . annuus plants grown in full sunlight, resulting 
in relative reduction of 75% PPFD. Unlike Carica papaya, 
H. annuus is a sun plant which responds to low PPFD. 
Conclusions 
The use of transmission electron, scanning electron and light 
microscopic techniques enabled the investigation of the ultra-
structure and other features of papaya leaf cells. No significant 
anatomical differences between leaves produced in a plastic 
tunnel and under 40% shade cloth were observed (Table 1) 
indicating that the 20 to 30% reduction in PPFD was in-
sufficient to cause anatomical changes. However, morpho-
logical differences were attributed to the warmer environment 
in the plastic tunnel as compared to that of the shade cloth. 
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Figure 3 Scanning electron micrographs of (a) adaxial surface of a mature papaya leaf showing no stomata; (b) the waxy deposits found on 
both abaxial and adaxial leaf surfaces; (c) the fruit surface showing no waxy deposits or stomata; (d) the abaxial surface of a mature papaya 
leaf showing stomata and waxy deposits. 
The rate of development of the leaf through cell division 
and enlargement was influenced mainly by temperature and 
to a lesser extent by PPFD. While 400Jo shade did not affect 
leaf anatomy, it did lead to 500Jo reduction in leaf area. A 
maximum of 578 x 106 stomata per leaf were found in 
summer. 
The absence of stomata on the skin of the fruit supports 
the hypothesis that the green fruit is incapable of producing 
large quantities of photosynthates. 
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